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(54) Semiconductor memory device and method for manufacturing the same 



(57) A semiconductor memory device of the present 
invention includes: a semiconductor substrate; a mem- 
ory cell capacitor for storing data, including a first elec- 
trode provided above the semiconductor substrate, a 
capacitance insulating film formed on the first electrode, 



and a second electrode provided on the capacitance in- 
sulating film; a step reducing film covering an upper sur- 
face and a side surface of the memory cell capacitor; 
and an overlying hydrogen barrier film covering the step 
reducing film. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a semiconduc- 
tor memory device and a method for manufacturing the 
same, and more particularly to improving the reliability 
of a semiconductor memory device. 
[0002] In recent years, a ferroelectric memory device 
has been developed in the art in which the memory cell 
capacitor uses, in its capacitance insulating film, a fer- 
roelectric material having hysteresis characteristics 
such as Pb(2r : Ti)0 3 , SrBi 2 Ta 2 0 9> or the like. 
[0003] In order to realize a ferroelectric memory de- 
vice, it is most important to develop a structure, and a 
method for manufacturing the same, with which memory 
cell capacitors can be integrated together without dete- 
riorating the characteristics thereof. Particularly, a ferro- 
electric material used in a capacitance insulating film is 
a laminar oxide containing oxygen atoms therein, and 
is easily reduced in a hydrogen atmosphere used in sub- 
sequent manufacturing steps after forming the memory 
cell capacitors, thereby deteriorating the ferroelectric 
characteristics thereof. 

[0004] For example, along with the miniaturization of 
semiconductor devices, a tungsten (W) deposition proc- 
ess by a CVD method has been widely employed for 
filling a contact hole having a large aspect ratio. The W 
deposition process is based on the reaction represented 
by Formula 1 below: 



2WF 6 +3SiH 4 -+2W+3SiF 4 +6H 2 



(1) 



[0005] The reaction represented by Formula 1 above 
is performed in a very strong reducing atmosphere. 
Moreover, after the A1 line formation, an annealing step 
is performed in a hydrogen -containing atmosphere in or- 
der to ensure the MOS transistor characteristics. The 
semiconductor device manufacturing process includes 
many other steps that generate, or use, hydrogen. 
[0006] Hydrogen permeates through most of the ma- 
terials used in a semiconductor device. Therefore, con- 
ventional ferroelectric memory devices have taken 
measures to prevent deterioration of the characteristics 
of memory cell capacitors during the manufacturing 
process, for example, by reducing the hydrogen gener- 
ation or suppressing the reducing atmosphere in sub- 
sequent manufacturing steps after forming the memory 
cell capacitors, or by covering the memory cell capaci- 
tors with an insulative hydrogen barrier film. A conven- 
tional method for suppressing/preventing deterioration 
of the characteristics of memory cell capacitors during 
the manufacturing process by using a hydrogen barrier 
film will now be described as an example. 
[0007] FIG. 16 is a cross-sectional view illustrating a 
first conventional memory cell 1000 designed so as to 



suppress/prevent deterioration of the characteristics of 
the memory cell capacitors during the manufacturing 
process. 

[0008] The memory cell 1000 includes a MOS tran- 
5 sistorTr used as a memory cell transistor, and a memory 
cell capacitor C. The MOS transistor Tr includes a gate 
electrode 1 formed on a semiconductor substrate S, and 
high concentration impurity diffusion regions 2. The 
MOS transistor Tr of a memory cell is electrically isolat- 
10 ed from the MOS transistor Tr of another adjacent mem- 
ory cell by a shallow trench isolation region (hereinafter 
referred to simply as "STI region") 3. A word line (not 
shown) is connected to the gate electrode 1, and a bit 
line 4 is connected to one of the high concentration im- 
15 purity diffusion regions 2. A first insulative film 5 and a 
first hydrogen barrier film 8 are formed on the semicon- 
ductor substrate S with the MOS transistor Tr formed 
thereon. 

[0009] The memory cell capacitor C includes a lower 

20 electrode 7 formed on the first hydrogen barrier film 8, 
a capacitance insulating film 9 made of a ferroelectric 
material and formed on the lower electrode 7, and an 
upper electrode 1 0 formed on the capacitance insulating 
film 9. The lower electrode 7 is connected to the other 

25 one of the high concentration impurity diffusion regions 
2 via a contact plug 6 running through the first insulative 
film 5 and the first hydrogen barrier film 8. 
[0010] A second hydrogen barrierfilm 11 is formed on 
the first hydrogen barrier film 8 and the memory cell ca- 

30 pacitor C so as to cover the memory cell capacitor C, 
and a second insulative film 12 is formed on the second 
hydrogen barrier film 1 1 . The upper electrode 1 0 is con- 
nected to an A1 line 14 via a contact plug 13 running 
through the second hydrogen barrier film 11 and the 

35 second insulative film 12. 

[0011] FIG. 17 is a cross-sectional view illustrating a 
second conventional memory cell 1100 designed so as 
to prevent deterioration of the characteristics of the 
memory cell capacitors during the manufacturing proc- 

40 ess. 

[001 2] The memory cell 1 1 00 illustrated in FIG. 1 7 has 
substantially the same structure as that of the first con- 
ventional memory cell 1000 illustrated in FIG. 16. How- 
ever, the memory cell 1 1 00 is different from the first con- 
45 ventional memory cell 1000 in that the second hydrogen 
barrier film 1 1 is formed over the second insulative film 
12. 

[0013] A CVD method or a sputtering method is typi- 
cally used for depositing a hydrogen barrierfilm. How- 

50 ever, a gas used in a CVD method often contains hydro- 
gen and thus generates hydrogen or water during the 
deposition step, thereby deteriorating the capacitance 
insulating film, which is made of a ferroelectric material. 
In view of this, in the manufacturing process of such a 

55 conventional memory cell as described above, the sec- 
ond hydrogen barrier film 11. which is formed in a step 
after the formation of the memory cell capacitor C, is 
formed by a sputtering method, which does not generate 
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hydrogen during the deposition step, using a material 
such as Al 2 0 3 or TIN, for example. 
[001 4] However, in the first conventional memory cell 
1000 illustrated in FIG. 16, the step coverage of the sec- 
ond hydrogen barrier film 1 1 is poor at an edge portion 
E of the memory cell capacitor C, as illustrated in FIG. 
1 8. This adversely influences the crystal linity/packing of 
the second hydrogen barrier film 1 1 at the edge portion 
E, thereby resulting in grain boundaries. Hydrogen hav- 
ing passed through the second insulative film 12 of the 
^memory cell 1000 may^ntrude into the memory cell ca- 
.jr. pacitor C through such grain boundaries. Such hydro- 
*-i9.©n deteriorates the capacitance insulating film 9, which 
.^ismade of a ferroelectric material. 

[0015] In the second conventional memory cell 1100 
illustrated in FIG. 17, when forming the contact plug 13 
for connecting the A1 line 14 and the upper electrode 
10 to each other, hydrogen may intrude into the second 
insulative film 12 through the side wall of the connection 
hole in which the contact plug 13 is being formed. The 
hydrogen diffuses through the second insulative film 12 
to reach and deteriorate the capacitance insulating film 
9, which is made of a ferroelectric material. 
[0016] As described above, it is very difficult in the 
conventional memory cells to suppress/prevent deteri- 
oration of the capacitance insulating film, which is made 
of a ferroelectric material. 

SUMMARY OF THE INVENTION 

[0017] The present invention has been made to solve 
these problems in the prior art, and has an object to pro- 
vide a semiconductor device including a reliable mem- 
3-ory cell capacitor in which deterioration of the charac- 
teristics of the memory-cell capacitor due to hydrogen 
sof-a reducing atmosphere is suppressed/prevented. 
' [0018] A semiconductor memory device of the 
present invention includes: a semiconductor substrate; 
a memory cell capacitor for storing data, including a first 
electrode provided above the semiconductor substrate, 
a capacitance insulating film formed on the first elec- 
trode, and a second electrode provided on the capaci- 
tance insulating film; a step reducing film covering an 
upper surface and a side surface of the memory cell ca- 
pacitor; and an overlying hydrogen barrier film covering 
the step reducing film. 

[001 9] According to the present invention, the step re- 
ducing film for reducing the step at the edge portion of 
the memory cell capacitor is formed so as to cover the 
memory cell capacitor. Thus, the step coverage of the 
overlying hydrogen barrier film is improved. Therefore, 
the crystallinity/packing of the overlying hydrogen bar- 
rier film formed on the step reducing film is maintained 
at the edge portion, as compared to a conventional 
memory cell. In this way, deterioration of the character- 
istics of the capacitance insulating film of the memory 
cell capacitor due to intrusion and diffusion of hydrogen 
through the edge portion is suppressed/prevented. 



[0020] Preferably the step reducing film is formed by 
an atmospheric pressure thermal CVD method using 0 3 
and TEOS. 

[0021] With an atmospheric pressure thermal CVD 

5 method using 0 3 and TEOS, the temperature in the film 
formation step is low while substantially no hydrogen is 
generated. Therefore, it is possible to form the step re- 
ducing film without damaging the capacitance insulating 
film. Moreover, if the step reducing film is formed by an 

10 atmospheric pressure thermal CVD method using 0 3 
and TEOS, the surface of the step reducing film natu rally 
becomes smooth. Thus, the smooth surface of the step 
reducing film can be formed very easily. 
[0022] Preferably, the overlying hydrogen barrier film 

15 is formed by a sputtering method. 

[0023] Since a sputtering method generates no hy- 
drogen; it is possible to suppress/prevent deterioration 
of the characteristics of the capacitance insulating film 
of the memory cell capacitor due to hydrogen. 

20 [0024] Preferably, the semiconductor memory device 
further includes an underlying hydrogen barrier film pro- 
vided under the first electrode. 

[0025] In this way, it is possible to suppress/prevent 
deterioration of the characteristics of the capacitance in- 
25 sulating film of the memory cell capacitor due to intru- 
sion and diffusion of hydrogen from the semiconductor 
substrate side. 

[0026] Preferably the underlying hydrogen barrier 
film is in contact with the overlying hydrogen barrier film 

30 jn a peripheral region around the memory cell capacitor. 
[0027] In this way, the memory cell capacitor is com- 
pletely enclosed by the underlying hydrogen barrier film 
and the overlying hydrogen barrier film, thereby improv- 
ing the effect of suppressing/preventing deterioration of 

35 the characteristics of the capacitance insulating film due 
to hydrogen. 

[0028] Preferably, the overlying hydrogen barrier film 
and the underlying hydrogen barrier film are patterned 
so as to have substantially the same outer shape. 

40 [0029] Where a contact plug is provided in a region 
where the overlying hydrogen barrier film and the un- 
derlying hydrogen barrier film are not formed, it is pos- 
sible to suppress/prevent deterioration of the shape of 
the contact plug, which may occur when the contact plug 

45 runs through these two films. 

[0030] The overlying hydrogen barrier film may in- 
clude a barrier film covering an upper surface of the step 
reducing film and a side wall covering a side surface of 
the step reducing film. 

so [0031] Preferably, the first electrode is buried in the 
underlying hydrogen barrier film. 

[0032] In this way, it is possible to reduce the height 
of the memory cell capacitor from the surface of the un- 
derlying hydrogen barrier film by the thickness of the first 
55 electrode. Thus, the step in the overlying hydrogen bar- 
rier film is reduced. Therefore, it is possible to suppress 
the influence of the thickness of the resist film used 
when patterning the overlying hydrogen barrier film on 



5 



EP 1 289 017 A2 



6 



the patterning process, thereby further miniaturizing the 
memory cell. 

[0033] Preferably, the first electrode includes a con- 
ductive hydrogen barrier film in a lower portion thereof. 
[0034] In this way, it is possible to suppress/prevent 5 
deterioration of the characteristics of the capacitance in- 
sulating film due to a very slight amount of hydrogen that 
is diffused from, for example, the contact plug connect- 
ed to the first electrode. 

[0035] A method for manufacturing a semiconductor 10 
memory device of the present invention includes the 
steps of: (a) forming a memory cell capacitor above a 
semiconductor substrate, the memory cell capacitor in- 
cluding a first electrode, a capacitance insulating film 
formed on the first electrode, and a second electrode 15 
provided on the capacitance insulating film; (b) after the 
step (a), forming a step reducing film on the substrate 
so as to cover the memory cell capacitor; and (c) forming 
an overlying hydrogen barrier film on the substrate so 
as to cover the step reducing film. 20 
[0036] According to the present invention, the step re- 
ducing film for reducing the step at the edge portion of 
the memory cell capacitor is formed so as to cover the 
memory cell capacitor. Thus, the step coverage of the 
overlying hydrogen barrier film is improved. Therefore, 25 
the crystallinity/packing of the overlying hydrogen bar- 
rier film formed on the step reducing film is maintained 
at the edge portion, as compared to a conventional 
memory cell. In this way, it is possible to obtain a reliable 
semiconductor memory device in which deterioration of 30 
the characteristics of the capacitance insulating film of 
the memory cell capacitor due to intrusion and diffusion 
of hydrogen through the edge portion is suppressed/ 
prevented. 

[0037] Preferably, the method further includes the 35 
step of: (d) before the step (a), forming an underlying 
hydrogen barrier film above the semiconductor sub- 
strate, wherein in the step (a), the first electrode is 
formed on the underlying hydrogen barrier film. 
[0038] In this way, it is possible to suppress/prevent 40 
deterioration of the characteristics of the capacitance in- 
sulating film of the memory cell capacitor due to intru- 
sion and diffusion of hydrogen from the semiconductor 
substrate side. 

[0039] Preferably, the method further includes the 45 
step of: (e) after the step (b), removing the step reducing 
film in a peripheral region around the memory cell ca- 
pacitor, wherein in the step (c), the overlying hydrogen 
barrier film is formed so as to be in contact with the un- 
derlying hydrogen barrier film in the peripheral region so 
around the memory cell capacitor. 
[0040] In this way, a portion of the underlying hydro- 
gen barrier film contacts the overlying hydrogen barrier 
film in the peripheral region around the memory cell ca- 
pacitor. Therefore, the memory ceil capacitor is com- 55 
pletely enclosed by the underlying hydrogen barrier film 
and the overlying hydrogen barrier film, thereby improv- 
ing the effect of suppressing/preventing deterioration of 



the characteristics of the capacitance insulating film due 
to hydrogen. 

[0041] A wet etching method may be employed in the 
step (e). 

[0042] Preferably the method further includes the 
step of: (f) after the step (e), patterning the overlying hy- 
drogen barrier film and the underlying hydrogen barrier 
film in the peripheral region around the memory cell ca- 
pacitor by using the same mask. 

[0043] Where a contact plug is provided in a region 
where the overlying hydrogen barrier film and the un- 
derlying hydrogen barrier film are not formed, it is pos- 
sible to suppress/prevent deterioration of the shape of 
the contact plug, which may occur when the contact plug 
runs through these two films. 

[0044] The method may further include the steps of: 
(g) after the step (c), removing the step reducing film 
and the overlying hydrogen barrier film in the peripheral 
region around the memory cell capacitor so as to expose 
the underlying hydrogen barrier film; (h) forming a sec- 
ond overlying hydrogen barrier film on the substrate; 
and (i) etching back the second overlying hydrogen bar- 
rier film so as to form a side wall covering a side surface 
of the overlying hydrogen barrier film and a side surface 
of the step reducing film. 

[0045] Preferably in the step (b), the step reducing 
film is formed by an atmospheric pressure thermal CVD 
method using O a and TEOS. 

[0046] With an atmospheric pressure thermal CVD 
method using 0 3 and TEOS, the temperature in the film 
formation step is low while substantially no hydrogen is 
generated. Therefore, it is possible to form the step re- 
ducing film without damaging the capacitance insulating 
film. Moreover, if the step reducing film is formed by an 
atmospheric pressure thermal CVD method using 0 3 
and TEOS, the surface of the step reducing film naturally 
becomes smooth. Thus, the smooth surface of the step 
reducing film can be formed very easily. 
[0047] Preferably in the step (c), the overlying hydro- 
gen barrier film is formed by a sputtering method. 
[0048] Since a sputtering method generates no hy- 
drogen, it is possible to suppress/prevent deterioration 
of the characteristics of the capacitance insulating film 
of the memory cell capacitor due to hydrogen. 
[0049] Another method for manufacturing a semicon- 
ductor memory device of the present invention includes 
the steps of: 

(a) forming a first electrode on a semiconductor 
substrate; 

(b) after the step (a), forming an underlying hydro- 
gen barrier film on the substrate; (c) removing the 
underlying hydrogen barrier film until a surface of 
the first electrode is exposed so as to have the first 
electrode buried in the underlying hydrogen barrier 
film; (d) forming a capacitance insulating film on the 
first electrode; (e) forming a second electrode film 
on the capacitance insulating film; (f) patterning the 
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capacitance insulating film and the second elec- 
trode film so as to form a memory cell capacitor; (g) 
after the step (f), forming a step reducing film on the 
substrate so as to cover the memory cell capacitor; 
and (h) forming an overlying hydrogen barrier film 
on the substrate so as to cover the step reducing 
film. 

[0050] With this method for manufacturing a semicon- 
ductor memory device of the present invention, it is pos- 
sible to reduce the height of the memory cell capacitor 
from the surface of the underlying hydrogen barrier film 
by the thickness of the first electrode. Thus, the step in 
the^overlying hydrogen barrier film is reduced. There- 
fore, it is possible to suppress the influence of the thick- 
ness of the resist film used when patterning the overly- 
ing hydrogen barrier film on the patterning process, 
thereby further miniaturizing the memory cell. 
[0051] Preferably, the method further includes the 
step of: (i) after the step (g), removing the step reducing 
film in a peripheral region around the memory cell ca- 
pacitor, wherein in the step (h), the overlying hydrogen 
barrier film is formed so as to be in contact with the un- 
derlying hydrogen barrier film in the peripheral region 
around the memory cell capacitor. 
[0052] In this way, a portion of the underlying hydro- 
gen barrier film contacts the overlying hydrogen barrier 
film in the peripheral region around the memory cell ca- 
pacitor Therefore, the memory cell capacitor is com- 
pletely enclosed by the underlying hydrogen barrier film 
and the overlying hydrogen barrier film, thereby improv- 
ingthe effect of suppressing/preventing deterioration of 
the characteristics of the capacitance insulating film due 
to hydrogen. 

[0053] Preferably, in the step (g), the step reducing 
film is formed by an atmospheric pressure thermal CVD 
method using 0 3 and TEOS. 

[0054] Preferably, in the step (h), the overlying hydro- 
gen barrier film is formed by a sputtering method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 

FIG. 1 is a cross-sectional view illustrating a mem- 
ory cell including a memory cell capacitor of Em- 
bodiment 1 . 

FIG. 2 is an enlarged view illustrating an edge por- 
tion E of the memory cell capacitor of the memory 
cell of Embodiment 1 . 

FIG. 3 is a graph illustrating a polarization charac- 
teristic of a memory cell capacitor provided in a 
memory cell of the present invention and that pro- 
vided in a conventional memory cell. 
FIG. 4A, FIG. 4B and FIG. 4C are cross-sectional 
views illustrating a method for manufacturing a 
memory cell of Embodiment 1. 
FIG. 5 is a cross-sectional view illustrating a mem- 



ory cell including a memory cell capacitor of Em- 
bodiment 2. 

FIG. 6A, FIG. 6B and FIG. 6C are cross-sectional 
views illustrating a method for manufacturing a 
5 memory cell of Embodiment 2. 

FIG. 7A and FIG. 7B are cross-sectional views il- 
lustrating a method for manufacturing a memory 
cell of Embodiment 2. 

FIG. 8A, FIG. 8B, FIG. 8C and FIG. 8D are cross- 
10 sectional views illustrating a method for manufac- 
turing a memory cell of Embodiment 2. 
FIG. 9A, FIG. 9B and FIG. 9C are cross-sectional 
views illustrating a method for manufacturing a 
memory cell of Embodiment 2. 
15 FIG. 10A and FIG. 10B are cross-sectional views 
illustrating a method for manufacturing a memory 
cell of Embodiment 2. 

FIG. 11 A, FIG. 11B and FIG. 11C are cross-sec- 
tional views illustrating a method for manufacturing 
20 a memory cell of Embodiment 3. 

FIG. 12 is a cross-sectional view illustrating a mem- 
ory cell including a memory cell capacitor of Em- 
bodiment 4. 

FIG. 13 is a cross-sectional view illustrating a mem- 
25 ory cell including a memory cell capacitor of Em- 
bodiment 4. 

FIG. 14A, FIG. 14B and FIG. 14C are cross-sec- 
tional views illustrating a method for manufacturing 
a memory cell of Embodiment 4. ?. 
30 FIG. 15A and FIG. 15B are cross-sectional views 
illustrating a method for manufacturing a memory 
cell of Embodiment 4. 

FIG. 16 is a cross-sectional view illustrating a con- 
ventional memory cell. 
35 FIG. 17 is a cross -sectional view illustrating a con- 
ventional memory cell. 

FIG. 18 is an enlarged view illustrating an edge por- 
tion E of a memory cell capacitor provided in a con- 
ventional memory cell. 

40 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] Various embodiments of the present invention 
45 will now be described with reference to FIG. 1 to FIG. 
15B. For the sake of simplicity, like reference numerals 
denote like elements throughout the figures. 

EMBODIMENT 1 

50 

[0057] FIG. 1 is a cross-sectional view illustrating a 
memory cell 100 including a memory cell capacitor of 
the present embodiment. FIG. 2 is an enlarged view il- 
lustrating an edge portion E of the memory cell capacitor 
55 provided in the memory cell 100 of the present embod- 
iment. 

[0058] As illustrated in FIG. 1 , the memory cell 1 00 of 
the present embodiment includes a MOS transistor Tr 



50 



55 
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used as a memory cell transistor, and a memory cell ca- 
pacitor C. 

[0059] The MOS transistor Tr includes a gate insulat- 
ing film (not shown) formed on a semiconductor sub- 
strate S, a gate electrode 1 formed on the gate insulating 
film, and high concentration impurity diffusion regions 2 
formed on the semiconductor substrate S so as to inter- 
pose the gate electrode 1 on the semiconductor sub- 
strate S. The MOS transistor Tr of a memory cell is elec- 
trically isolated from the MOS transistor Tr of another 
adjacent memory cell by an STI region 3. A word line 
(not shown) is connected to the gate electrode 1, and a 
bit line 4 is connected to one of the high concentration 
impurity diffusion regions 2. A first insulative film 5 and 
a first hydrogen barrier film 8 are formed on the semi- 
conductor substrate S with the MOS transistorTr formed 
thereon. The first hydrogen barrier film 8 is provided for 
suppressing/preventing intrusion and diffusion of hydro- 
gen therethrough from the semiconductor substrate S 
side. 

[0060] The memory cell capacitor C includes a lower 
electrode 7 formed on the first hydrogen barrier film 8, 
a capacitance insulating film 9 made of a ferroelectric 
material and formed on the lower electrode 7, and an 
upper electrode 10 formed on the capacitance insulating 
film 9. The lower electrode 7 is connected to the other 
one of the high concentration impurity diffusion regions 
2 via a contact plug 6 running through the first insulative 
film 5 and the first hydrogen barrier film 8. 
[0061] An interlayer film 15 is formed on the first hy- 
drogen barrier film 8 and the memory cell capacitor C 
so as to cover the memory cell capacitor C. The inter- 
layer film 15 reduces the step at the edge portion E of 
the memory cell capacitor C, as illustrated in FIG. 2. A 
second hydrogen barrier film 11 is formed on the inter- 
layer film 15, and a second insulative film 12 is formed 
on the second hydrogen barrier film 1 1 . The upper elec- 
trode 10 is connected to an A1 line 14 via a contact plug 
13 running through the second hydrogen barrier film 11 
and the second insulative film 12. 
[0062] In the present embodiment, the interlayer film 
15 for reducing the step at the edge portion E of the 
memory cell capacitor C is formed on the first hydrogen 
barrier film 8 and the memory cell capacitor C so as to 
cover the memory cell capacitor C, as illustrated In FIG. 
1 . Thus, the step coverage of the second hydrogen bar- 
rier film 1 1 is improved. Therefore, the crystal I in ity/pac Ic- 
ing of the second hydrogen barrier film 11 formed on the 
interlayer film 1 5 is maintained at the edge portion E, as 
illustrated in FIG. 2, as compared to the conventional 
memory cell 1000. The effects of this structure will be 
further described with reference to FIG. 3. 
[0063] FIG. 3 is a graph illustrating a polarization char- 
acteristic of a memory cell capacitor provided in the 
memory cell 100 of the present embodiment and that 
provided in the conventional memory cell 1000. In FIG. 
3 f "Fl" denotes the polarization characteristic of the 
memory cell capacitor C after a hydrogen treatment for 



annealing is performed on the first conventional memory 
cell 1000 (which is not provided with the interlayer film 
15), "F2" denotes the polarization characteristic of the 
memory cell capacitor C after a hydrogen treatment for 
5 annealing is performed on the memory cell 100 of the 
present embodiment (which is provided with the inter- 
layer film 15), and "F3" denotes the polarization charac- 
teristic of the memory cell capacitor C before a hydrogen 
treatment for annealing is performed on the memory cell 
w 100 of the present embodiment. 

[0064] In the memory cell 100 of the present embod- 
iment (which is provided with the step reducing interlay- 
er film 1 5) the polarization charge density (1 2 |x C/cm 2 ) 
remains unchanged before (F3) and after (F2) a hydro- 
is gen treatment, as illustrated in FIG. 3. In contrast, in the 
conventional memory cell 1000 (which is not provided 
with the step reducing interlayer film 1 5), the polarization 
charge density substantially decreases to 2 \i C/cm 2 af- 
ter a hydrogen treatment (F1). 
20 [0065] This is because in the conventional memory 
cell 1000, the second hydrogen barrier film 11 has a 
poor step coverage at the edge portion E of the memory 
cell capacitor C, as illustrated in FIG. 1 8. Due to the poor 
step coverage of the second hydrogen barrier film 1 1 at 
^5 the edge portion E, the thickness thereof is reduced at 
the edge portion E. Moreover, the crystal condition of 
the second hydrogen barrier film 1 1 at the edge portion 
E is different from that in a flat portion : and the packing 
is also reduced. Therefore, the polarization characteris- 
30 tic of the memory cell capacitor C deteriorates due to 
intrusion and diffusion of hydrogen through the edge 
portion E. 

[0066] In contrast, in the memory cell 100 of the 
present embodiment, the step reducing interlayer film 

35 15 is provided so that the second hydrogen barrier film 
11 has a hydrogen barrier property as good as that in 
the flat portion, thus improving the step coverage of the 
second hydrogen barrier film 11 at the edge portion E 
of the memory cell capacitor C. Therefore, deterioration 

40 of the polarization characteristic of the memory cell ca- 
pacitor C due to intrusion and diffusion of hydrogen 
through the edge portion E is suppressed/prevented. 
[0067] Next, a method for manufacturing the memory 
ceil 100 of the present embodiment will be described 

45 with reference to FIG. 4A to FIG. 4C. 

[0068] First, in the step of FIG. 4A, the STI region 3 
is formed on the semiconductor substrate S, and then 
the MOS transistorTr is formed. The MOS transistorTr 
includes a gate insulating film (not shown) on the sem- 

50 iconductor substrate S : the gate electrode 1 on the gate 
insulating film, and the high concentration impurity dif- 
fusion regions 2 formed so as to interpose the gate elec- 
trode 1 . Then, the first insulative film 5 and the first hy- 
drogen barrier film 8 are deposited on the substrate in 

55 this order. 

[0069] Then, a connection hole is provided so as to 
run through the first hydrogen barrier film 8 and the first 
insulative film 5 to reach one of the high concentration 
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impurity diffusion regions 2, and the connection hole is 
filled with a tungsten film so as to form the contact plug 
6. Then, the lower electrode 7, the capacitance insulat- 
ing film 9 made of a ferroelectric material, and the upper 
electrode 10 are formed in this order by patterning the 5 
respective films so as to cover the contact plug 6. While 
the lower electrode 7 and the capacitance insulating film 
9 are etched simultaneously in the present embodiment, 
they may alternatively be etched separately. While the 
upper electrode 10 of the memory cell capacitor C de- 10 
fines the capacitance in the present embodiment, the 
lower electrode 7 may alternatively define the capaci- 
tance. 

[0070] Then, in the step of FIG. 4B, the step reducing 
interlayer film 1 5 is formed on the substrate so as to cov- '5 
er the memory cell capacitor C. Specifically, in the 
present embodiment, the step reducing interlayer film 
15 is formed by an atmospheric pressure thermal CVD 
method using 0 3 and TEOS with a smooth surface con- 
figuration (hereinafter referred to as a "flow shape"). 20 
With this method, the temperature in the film formation 
step is as low as 400°C while substantially no hydrogen 
is generated. Therefore, it is possible to form the step 
reducing interlayer film 15 without damaging the capac- 
itance insulating film 9 made of a ferroelectric material. 25 
Moreover, if the interlayer film 15 is formed by an atmos- 
pheric pressure thermal CVD method using 0 3 and TE- 
OS, the surface of the interlayer film 15 naturally be- 
comes smooth (this is called a "self flow phenomenon"). 
Thus, the smooth surface of the interlayer film 15 can 30 
be formed very easily. Therefore, it is most preferred to 
employ an atmospheric pressure thermal CVD method 
using 0 3 and TEOS for the formation of the interlayer 
film 15. Alternatively, the interlayer film 15 can be formed 
by employing SOG (spin on glass), for example. 35 
[0071] Then, in the step of FIG. 4C, the second hy- 
drogen barrier film 11 is formed on the substrate to a 
thickness of about 50 nm by a sputtering method. In the 
present embodiment, the step reducing interlayer film 
1 5 has been formed in the step of FIG. 4B as described *o 
above, so that the second hydrogen barrier film 11 can 
be formed by employing a sputtering method, which has 
a poorer step coverage than that of a CVD method. 
Since a sputtering method generates no hydrogen, it is 
possible to suppress/prevent deterioration due to hydro- 45 
gen. 

[0072] Then, the second insulative film 12 is deposit- 
ed on the substrate, and flattened by a CMP method, or 
the like. Then, a connection hole is provided so as to 
run through the second insulative film 12, the second so 
hydrogen barrier film 11 and the interlayer film 15 to 
reach the upper electrode 10, and the connection hole 
is filled with a tungsten film by a CVD method to form 
the contact plug 13. Then, the A1 line 14 is formed so 
as to be connected to the contact plug 13. 55 
[0073] Through these steps, it is possible to realize a 
reliable ferroelectric memory device in which deteriora- 
tion of the capacitance insulating film due to hydrogen 



is suppressed/prevented. 

[0074] In the present embodiment, the memory cell 
capacitor C employs a structure in which the upper elec- 
trode 10 defines the capacitance. Alternatively, the 
memory cell capacitor C may employ a structure in 
which the lower electrode 7 defines the capacitance. 
Thus, the hydrogen barrier effect of the second hydro- 
gen barrier film 11 can be improved by providing the in- 
terlayer film 1 5 for reducing the step at the edge portion 
E of the memory cell capacitor C, irrespective of the 
structure of the memory cell capacitor C. Therefore, a 
ferroelectric memory device having a reliable memory 
cell is obtained. 

EMBODIMENT 2 

[0075] FIG. 5 is a cross-sectional view illustrating a 
memory cell 200 including a memory cell capacitor of 
Embodiment 2. 

[0076] The memory ceil 200 of the present embodi- 
ment has substantially the same structure as that in Em- 
bodiment 1 , except for the following differences. 
[0077] First, instead of the bit line 4 of Embodiment 1 , 
the memory cell 200 includes a contact plug 16 and an 
A1 line 14', as illustrated in FIG. 5. The contact plug 16 
is provided so as to run through the second insulative 
film 12, the first hydrogen barrier film 8 and the first in- 
sulative film 5 to reach the high concentration- impurity 
diffusion region 2 of the MOS transistor Tr. The A1 line 
14* is connected to the contact plug 16 and functions as 
a bit line. Therefore, the step reducing interlayer film 15 
and the second hydrogen barrier film 11 are not formed 
in the region where the contact plug 16 is provided. 
[0078] Second, in the memory cell 200 of the present 
embodiment, the memory cell capacitor C and the inter- 
layer film 15 are completely enclosed by the first hydro- 
gen barrier film 8 and the second hydrogen barrier film 
11 , as illustrated in FIG. 5. 

[0079] According to the present embodiment, the con- 
tact plug 16 does not run through the second hydrogen 
barrier film 11 and the interlayer film 15. Therefore, 
when forming the A1 line 14\ hydrogen will not pass 
from the contact plug 16 through the interlayer film 15 
to intrude into the memory cell capacitor C. Thus, dete- 
rioration of the capacitance insulating film 9, which is 
made of a ferroelectric material, due to hydrogen can 
be suppressed/prevented more effectively. 
[0080] Particularly, according to the present.embodi- 
ment, the memory cellcapacitorC and the interlayer film 
1 5 are completely enclosed by the first hydrogen barrier 
film 8 and the second hydrogen barrier film 11-thereby 
improving the effect of suppressing/preventing-deterio- 
ration of the characteristics of the capacitance insulating 
film due to hydrogen. 

[0081] Next, three different methods for manufactur- 
ing the memory cell 200 of the present embodiment will 
be described with reference to FIG. 6A to FIG. 10B. 



13 

FIRST MANUFACTURING METHOD 

[0082] A first manufacturing method will be described 
with reference to FIG, 6A to FIG. 7B. 
[0083] First, in the step of FIG. 6A, the STI region 3 
is formed on the semiconductor substrate S, and then 
the MOS transistor Tr is formed. The MOS transistor Tr 
includes a gate insulating film (not shown) on the sem- 
iconductor substrate S, the gate electrode 1 on the gate 
insulating film, and the high concentration impurity dif- 
fusion regions 2 formed so as to interpose the gate elec- 
trode 1 . Then, the first insulative film 5 and the first hy- 
drogen barrier film 8 are deposited on the substrate in 
this order. Then, a connection hole is provided so as to 
run through the first hydrogen barrier film 8 and the first 
insulative film 5 to reach one of the high concentration 
impurity diffusion regions 2, and the connection hole is 
filled with a tungsten film to form the contact plug 6. 
[0084] Then, in the step of FIG. 6B, the lower elec- 
trode 7, the capacitance insulating film 9 made of a fer- 
roelectric material, and the upper electrode 10 are 
formed in this order by patterning the respective films 
so as to cover the contact plug 6. While the lower elec- 
trode 7 and the capacitance insulating film 9 are etched 
simultaneously in the present embodiment, they may al- 
ternatively be etched separately. While a memory cell 
capacitor structure in which the upper electrode 10 de- 
fines the capacitance is employed, another memory cell 
capacitor structure in which the lower electrode 7 de- 
fines the capacitance may alternatively be employed. 
[0085] Then, in the step of FIG. 6C, the step reducing 
interlayer film 1 5 is formed on the substrate so as to cov- 
er the memory cell capacitor C, and then the interlayer 
film 15 is removed by dry etchingfrom regions otherthan 
the region covering the memory cell capacitor C. Also 
in this manufacturing method, as in Embodiment 1 
above, the step reducing interlayer film 15 is formed by 
an atmospheric pressure thermal CVD method using 0 3 
and TEOS with a good flow shape. In this way, it is pos- 
sible to form the step reducing interlayer film 15 without 
damaging the capacitance insulating film 9 made of a 
ferroelectric material. 

[0086] Also in this manufacturing method, the inter- 
layer film 15 may be any film made of a material which 
is capable of reducing the step and which does not de- 
teriorate a ferroelectric material. For example, TEOS, 
SOG (spin oh glass), etc., may be used. 
[0087] Then, in the step of FIG. 7A, the second hy- 
drogen barrier film 11 is formed on the substrate to a 
thickness of about 50 nm. Then, the second hydrogen 
barrier film 11 is removed from regions other than the 
region covering the interlayer film 15. In this way, the 
memory cell capacitor C and the interlayer film 15 are 
completely enclosed by the first hydrogen barrier film 8 
and the second hydrogen barrier film 11. In the present 
embodiment, the step reducing interlayer film 15 has 
been formed in the step of FIG. 6C as described above, 
so that the second hydrogen barrier film 11 can be 
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formed by employing a sputtering method, which has a 
poorer step coverage than that of a CVD method. Thus, 
it is possible to suppress/prevent deterioration due to 
hydrogen, which is generated in a CVD method. 
5 [0088] Then, in the step of FIG. 7B, the second insu- 
lative film 1 2 is deposited on the substrate, and flattened 
by a CMP method, or the like. Then, a connection hole 
is provided so as to run through the second insulative 
film 12, the second hydrogen barrier film 11 and the in- 
fo terlayer film 1 5 to reach the upper electrode 1 0, and the 
connection hole is filled with a tungsten film to form the 
contact plug 13. Then, a connection hole is provided so 
as to run through the second insulative film 12, the first 
hydrogen barrier film 8 and the first insulative film 5 to 
15 reach the high concentration impurity diffusion region 2 
of the MOS transistor Tr, and the connection hole is filled 
with a tungsten film to form the contact plug 16. 
[0089] Then, the A1 line 14 and the A1 line 14" are 
formed so as to be connected to the contact plugs 13 
and 16, respectively. 

SECOND MANUFACTURING METHOD 

[0090] A second manufacturing method will be de- 
scribed with reference to FIG. 8A to FIG. 8D. 
[0091] The second method for manufacturing the 
memory cell 200 of the present embodiment is substan- 
tially the same as the first manufacturing method above, 
except that the removal of the step reducing interlayer 
film 15 in the step of FIG. 6C in the first manufacturing 
method is performed by a wet etching method in the sec- 
ond manufacturing method. 

[0092] First, in the step of FIG. 8A, the STI region 3 
is formed on the semiconductor substrate S, and then 
the MOS transistor Tr is formed. The MOS transistor Tr 
includes a gate insulating film (not shown) on the sem- 
iconductor substrate S. the gate electrode 1 on the gate 
insulating film, and the high concentration impurity dif- 
fusion regions 2 formed so as to interpose the gate elec- 
trode 1 . Then, the first insulative film 5 and the first hy- 
drogen barrier film 8 are deposited on the substrate in 
this order. Then, a connection hole is provided so as to 
run through the first hydrogen barrier film 8 and the first 
insulative film 5 to reach one of the high concentration 
impurity diffusion regions 2, and the connection hole is 
filled with a tungsten film to form the contact plug 6. 
[0093] Then, the lower electrode 7, the capacitance 
insulating film 9 made of a ferroelectric material, and the 
upper electrode 1 0 are formed in this order by patterning 
the respective films so as to cover the contact plug 6. 
While the lower electrode 7 and the capacitance insu- 
lating film 9 are etched simultaneously in the present 
embodiment, they may alternatively be etched sepa- 
rately. While a memory cell capacitor structure in which 
the upper electrode 10 defines the capacitance is em- 
ployed, another memory cell capacitor structure in 
which the lower electrode 7 defines the capacitance 
may alternatively be employed. 
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[0094] Then, in the step of FIG. 8B, the step reducing 
interlayer film 1 5 is formed on the substrate so as to cov- 
er the memory cell capacitor C, and then a resist mask 
19 is formed by photolithography. Also in this manufac- 
turing method, as in Embodiment 1 above, the step re- 5 
ducing interlayer film 15 is formed by an atmospheric 
pressure thermal CVD method using 0 3 and TEOS with 
a good flow shape. In this way, it is possible to form the 
step reducing interlayer film 15 without damaging the 
capacitance insulating film 9 made of a ferroelectric ma- 10 
terial. Moreover, the interlayer film 15 may be any film 
made of a material (e.g., TEOS, SOG (spin on glass), 
etc.) which is capable of reducing the step and which 
does not deteriorate a ferroelectric material. 
[0095] Then, in the step of FIG. 8C, an isotropic wet '5 
etching process (using hydrofluoric acid, or the like) is 
performed with the resist mask 19 as a mask until the 
surface of the first hydrogen barrier film 8 is exposed, 
thus patterning the interlayer film 15. In this way, it is 
possible to form the interlayer film 1 5 having a smoother 20 
surface than with the first manufacturing method above. 
[0096] Then, in the step of FIG. 8D, the resist mask 
19 is removed, and the second hydrogen barrier film 11 
is formed on the substrate. The second hydrogen barrier 
film 11 is patterned so as to cover the step reducing in- 25 
terlayer film 1 5 and to contact the first hydrogen barrier 
film 8. 

[0097] Then, as in the step of FIG. 7B in the first man- 
ufacturing method, the second insulative film 12 is de- 
posited on the substrate, and flattened by a CMP meth- 30 
od, or the like. Then, a connection hole is provided so 
as to run through the second insulative film 12, the sec- 
ond hydrogen barrier film 11 and the interlayer film 15 
to reach the upper electrode 1 0, and the connection hole 
is filled with a tungsten film to form the contact plug 1 3. 35 
Then, a connection hole is provided so as to run through 
the second insulative film 12, the first hydrogen barrier 
film 8 and the first insulative film 5 to reach the high con- 
centration impurity diffusion region 2 of the MOS tran- 
sistor Tr, and the connection hole is filled with a tungsten 40 
film to form the contact plug 16. 

[0098] Finally, the Al line 14 and the A1 line 14' are 
formed so as to be connected to the contact plugs 13 
and 16, respectively. 

45 

THIRD MANUFACTURING METHOD 

[0099] A third manufacturing method will be described 
with reference to FIG. 9A to FIG. 10B. 
[0100] First, in the step of FIG. 9A, the STI region 3 so 
is formed on the semiconductor substrate S, and then 
the MOS transistor Tr is formed. The MOS transistor Tr 
includes a gate insulating film (not shown) on the sem- 
iconductor substrate S, the gate electrode 1 on the gate 
insulating film, and the high concentration impurity dif- 55 
fusion regions 2 formed so as to interpose the gate elec- 
trode 1 . Then, the first insulative film 5 and the first hy- 
drogen barrier film 8 are deposited on the substrate in 



this order. 

[0101] Then, a connection hole is provided so as to 
run through the first hydrogen barrier film 8 and the first 
insulative film 5 to reach one of the high concentration 
impurity diffusion regions 2, and the connection hole is 
filled with a tungsten film to form the contact plug 6. 
Then, the lower electrode 7, the capacitance insulating 
film 9 made of a ferroelectric material, and the upper 
electrode 10 are formed in this order by patterning the 
respective films so as to cover the contact plug 6. While 
the lower electrode 7 and the capacitance insulating film 
9 are etched simultaneously in the present embodiment, 
they may alternatively be etched separately. While a 
memory cell capacitor structure in which the upper elec- 
trode 10 defines the capacitance is employed, another 
memory cell capacitor structure in which the lower elec- 
trode 7 defines the capacitance may alternatively be 
employed. 

[0102] Then, in the step of FIG. 9B, the step reducing 
interlayer film 1 5 is formed on the substrate so as to cov- 
er the memory cell capacitor C. Specifically, in the 
present embodiment, the step reducing interlayer film 
15 is formed by an atmospheric pressure thermal CVD 
method using 0 3 and TEOS with a good flow shape. 
With this method, the temperature in the film formation 
step is as low as 400°C, and the amount of hydrogen to 
be generated is small. Therefore, it is possible to form 
the step reducing interlayer film 15 without damaging 
the capacitance insulating film 9 made of a ferroelectric 
material. The interlayer film 15 may be any filnrrmade of 
a material (e.g., SOG (spin on glass), etc.) which is ca- 
pable of reducing the step and which does not deterio- 
rate a ferroelectric material. 

[0103] Then, the second hydrogen barrier film 11 is 
formed on the substrate to a thickness of about 50 nm. 
In the present embodiment, the step reducing interlayer 
film 15 has been formed, so that the second hydrogen 
barrier film 11 can be formed by employing a sputtering 
method, which has a poorer step coverage than that of 
a CVD method. Thus, it is possible to suppress/prevent 
deterioration due to hydrogen, which is generated in a 
CVD method. 

[0104] Then, in the step of FIG. 9C, a mask (not 
shown) is formed in a region covering the memory cell 
capacitor C, and a dry etching process using the mask 
is performed so as to remove the interlayer film 1 5 and 
the second hydrogen barrier film 11 from regions other 
than the region covering the memory cell capacitor C. 
Although not shown, the first hydrogen barrierf ilm 8 may 
also be removed by a dry etching process using the 
same mask. n 
[01 05] Then, in the step of FIG. 1 0A, a third hydrogen 
barrier film 30 is formed on the substrate to a thickness 
of about 50 nm. 

[0106] Then, in the step of FIG. 10B, the entire sur- 
face of the third hydrogen barrier film 30 is etched back 
to an extent such that the second hydrogen barrier film 
11 having been formed in the step of FIG. 9C and cov- 
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ering the memory cell capacitor C will not be lost, so as 
to form a side wall 31 made of the third hydrogen barrier 
film 30. 

[0107] Employing any of the three different manufac- 
turing methods described above, it is possible to realize 
a ferroelectric memory device with the memory cell 200 
of the present embodiment. 

EMBODIMENT 3 

[0108] FIG. 11 A to FIG. 11C are cross-sectional 
views illustrating a method for manufacturing a memory 
cell 300 including a memory cell capacitor of Embodi- 
ment 3. 

[0109] The memory cell 300 of the present embodi- 
ment has substantially the same structure as that of Em- 
bodiment 2 above, except that the first hydrogen barrier 
film 8 is not formed in the region where the contact plug 
16 is provided, as illustrated in FIG. 11C. Although not 
shown in FIG. 11C, the upper electrode 10 is provided 
in the form of a large cell plate that is connected at one 
end to an A1 line. 

[01 10] The first hydrogen barrier film 8 is a hard nitride 
film made of SiN, SiON, orthe like. Where a connection 
hole is formed to run through such a hard film, the con- 
nection hole is more likely to be deformed as the diam- 
eter of a portion of the connection hole that is running 
through the hard film is smaller. Moreover, as the aspect 
ratio of the connection hole is greater, it is more likely 
that the hard film cannot be threaded through (i.e., an 
"etching stop" phenomenon). Therefore, the shape of 
thecontact plug 16 that fills the connection hole may be 
deteriorated. 

[0111] However, in the memory cell 300 of the present 
embodiment, the contact plug 16 is formed so as to run 
through the first insulative film 5 and the second insula- 
tive film 12, and not through the first hydrogen barrier 
film 8 as in Embodiment 2 above. Thus, according to the 
present embodiment, it is possible to obtain a memory 
cell in which deterioration of the shape of the contact 
plug 16, which may occur when the contact plug 16 runs 
through the first hydrogen barrier film 8, is suppressed/ 
prevented, in addition to effects as those of Embodi- 
ments 1 and 2. 

[01 1 2] Next, a method for manufacturing the memory 
cell 300 of the present embodiment will be described 
with reference to FIG. 11A to FIG. 11C. 
[0113] First, the same steps as those of FIG. 6A to 
FIG. 6C in the first manufacturing method of Embodi- 
ment 2 are performed. 

[0114] Then, in the step of FIG. 11 A, the second hy- 
drogen barrier film 11 is formed on the substrate to a 
thickness of about 50 nm. Also in the present embodi- 
ment, the step reducing interlayer film 15 has been 
formed in the step of FIG. 6C as described above, so 
that the second hydrogen barrier film 11 can be formed 
by employing a sputtering method, which has a poorer 
step coverage than that of a CVD method. Thus, it is 



possible to suppress/prevent deterioration due to hydro- 
gen, which is generated in a CVD method. 
[0115] Then, in the step of FIG. 11B, the second hy- 
drogen barrier film 11 and the underlying first hydrogen 
5 barrier film 8 are removed by a dry etching process using 
the same mask from regions outside the region in which 
the interlayer film 1 5 is covered by the second hydrogen 
barrier film 11. 

[0116] Then, in the step of FIG. 11C, the second in- 
fo sulative film 12 is deposited on the substrate, and flat- 
tened by a CMP method, orthe like. Then, a connection 
hole is provided so as to run through the second insu- 
lative film 12 and first insulative film 5 to reach the high 
concentration impurity diffusion region 2 of the MOS 
*5 transistor Tr, and the connection hole is filled with a 
tungsten film to form the contact plug 16. 
[0117] Then, the A1 line 14* is formed so as to be con- 
nected to the contact plug 16. 

[0118] With the manufacturing method of the present 
20 embodiment, the first hydrogen barrier film is removed 
from the region where the contact plug 16 is formed, 
whereby it is possible to suppress/prevent deterioration 
of the shape of the contact plug, which may otherwise 
occur due to the interlayer film 15 and the first hydrogen 
25 barrier film layered together. 

EMBODIMENT 4 

[0119] FIG. 12 and FIG. 13 are cross-sectional views 
30 each illustrating a memory cell including a memory cell 
capacitor of Embodiment 4. 

[0120] As illustrated in FIG. 12, a memory cell 400 of 
the present embodiment includes the MOS transistor Tr 
used as a memory cell transistor, and the memory cell 

35 capacitor C. 

[0121] The MOS transistor Tr includes the gate elec- 
trode 1 formed on the semiconductor substrate S, and 
the high concentration impurity diffusion regions 2 
formed on the semiconductor substrate S. The MOS 

40 transistor Tr of a memory cell is electrically isolated from 
the MOS transistor Tr of another adjacent memory cell 
bytheSTI region 3. A word line (not shown) is connected 
to the gate electrode 1 , and the A1 line 1 4' is connected 
to one of the high concentration impurity diffusion re- 

45 gions 2 via the contact plug 16 and functions as a bit 
line. The first insulative film 5 and the first hydrogen bar- 
rier film 8 are formed on the semiconductor substrate S 
with the MOS transistor Tr formed thereon. The first hy- 
drogen barrier film 8 is provided for suppressing/pre- 

50 venting intrusion and diffusion of hydrogen therethrough 
from the semiconductor substrate S side. 
[01 22] The memory cell capacitor C includes the low- 
er electrode 7 buried in the first hydrogen barrier film 8, 
the capacitance insulating film 9 made of a ferroelectric 

55 material and formed on the lower electrode 7, and an 
upper electrode 1 0 formed on the capacitance insulating 
film 9. The lower electrode 7 is connected to the other 
one of the high concentration impurity diffusion regions 
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2 via the contact plug 6 running through the first insula- 
tive film 5 and the first hydrogen barrier film 8. 
[0123] The interlayer film 15 for reducing the step at 
the edge portion E of the memory cell capacitor C is 
formed on the first hydrogen barrier film 8 and the mem- $ 
ory cell capacitor C so as to coverthe upper surface and 
the side surface of the memory cell capacitor C. The in- 
terlayer film 15 is provided only in the region covering 
the memory cell capacitor C. The second hydrogen bar- 
rier film 11 is formed on the interlayer film 15 so as to 10 
cover the interlayer film 15 and to contact the first hy- 
drogen barrier film 8. Thus, the memory cell capacitor 
C and the interlayer film 15 are completely enclosed by 
the first hydrogen barrierfilm 8 and the second hydrogen 
barrier film 11. 15 
[0124] Moreover, the second insulative film 12 is 
formed on the second hydrogen barrierfilm 1 1 . Although 
not shown in FIG. 12, the upper electrode 10 is provided 
in the form of a large cell plate that is connected at one 
end to an A1 line. 20 
[0125] In the present embodiment, the interlayer film 
15 for reducing the step at the edge portion E of the 
memory ceil capacitor C is formed so as to cover the 
memory cell capacitor C. Thus, the step coverage of the 
second hydrogen barrier film 1 1 is improved. Therefore, 25 
as in Embodiment 1 above, the crystallinity/packing of 
the second hydrogen barrier film 11 formed on the in- 
terlayer film 15 is maintained at the edge portion E, as 
compared to the conventional memory cell 1000. 
[0126] With this structure, the lower electrode 7 is bur- 30 
ied, whereby ft is possible to reduce the height of the 
memory cell capacitor C from the surface of the first hy- 
drogen barrierfilm 8 by the thickness of the lower elec- 
trode?, in addition to the effects set forth in Embodiment 
2. Thus, the step in the second hydrogen barrierfilm 11 35 
is reduced. Therefore, it is possible to suppress the in- 
fluence of the thickness of the resist film used when pat- 
terning the second hydrogen barrier film 1 1 on the pat- 
terning process, thereby further miniaturizing the mem- 
ory cell. 40 
[0127] While a memory cell capacitor structure in 
which the lower electrode 7 defines the capacitance is 
employed in the present embodiment, another memory 
cell capacitor structure in which the upper electrode 10 
defines the capacitance may alternatively be employed. *s 
[0128] In the present embodiment, it is preferred to 
provide a conductive hydrogen barrierfilm 18 immedi- 
ately under the lower electrode 7, as illustrated in FIG. 
13. 

[0129] In this way, it is possible to suppress/prevent so 
deterioration of the characteristics of the capacitance in- 
sulating film due to a very slight amount of hydrogen that 
is diffused from the contact plug 6, in addition to the ef- 
fects described above. 

[0130] Next, a method for manufacturing a memory 55 
cell 500 of the present embodiment will be described 
with reference to FIG. 14A to FIG. 15B. 
[01 31 ] First, in the step of FIG. 1 4A, the STI region 3 



is formed on the semiconductor substrate S, and then 
the MOS transistor Tr is formed. The MOS transistor Tr 
includes a gate insulating film (not shown) on the sem- 
iconductor substrate S : the gate electrode 1 on the gate 
insulating film, and the high concentration impurity dif- 
fusion regions 2 formed so as to interpose the gate elec- 
trode 1 . Then, the first insulative film 5 is deposited on 
the substrate. Then, a connection hole is provided so as 
to run through the first insulative film 5 to reach one of 
the high concentration impurity diffusion regions 2, and 
the connection hole is filled with a tungsten film to form 
the contact plug 6. Then, a conductive hydrogen barrier 
material and a metal material are sequentially deposited 
and patterned so as to cover the contact plug 6, thereby 
forming the conductive hydrogen barrier film 1 8 and the 
lower electrode 7. 

[0132] Then, in the step of FIG. 14B, the first hydro- 
gen barrier film 8 is formed on the substrate, and flat- 
tened by a CMP method, or the like, so that the surface 
of the lower electrode 7 is exposed. 
[0133] Then, in the step of FIG. 14C, a ferroelectric 
material and a metal material are deposited on the sub- 
strate, and then subjected to photolithography and dry 
etching. In this way, the capacitance insulating film 9 and 
the upper electrode 10 are formed so as to cover the 
lower electrode 7, thus forming the memory cell capac- 
itor C. While the capacitance insulating film 9 and the 
upper electrode 10 are patterned simultaneously in the 
present embodiment, they may alternatively*, be pat- 
terned separately. Then, the step reducing interlayer 
film 1 5 is deposited on the substrate, and then subjected 
to photolithography and dry etching to form the step re- 
ducing interlayer film 1 5 so as to cover the memory cell 
capacitor C. 

[0134] Then, in the step of FIG. 15 A, the second hy- 
drogen barrier film 11 is formed on the substrate to a 
thickness of about 50 nm. The step reducing interlayer 
film 15 has been formed in the step of FIG. 14C as de- 
scribed above, so that the second hydrogen barrier film 
11 can be formed by employing a sputtering method, 
which has a poorer step coverage than that of a CVD 
method. Thus, it is possible to suppress/prevent deteri- 
oration due to hydrogen, which is generated in a CVD 
method. 

[0135] Then, the second hydrogen barrierfilm 1 1 and 
the underlying first hydrogen barrierfilm 8 are removed 
by photolithography and dry etching from regions out- 
side the region in which the interlayer film 15 is covered 
by the second hydrogen barrier film 11 . 
[0136] Then, in the step of FIG. 15B, the second in- 
sulative film 12 is deposited on the substrate, and flat- 
tened by a CMP method, or the like. Then, a connection 
hole is provided so as to run through the second insu- 
lative film 12, the second hydrogen barrier film 11 and 
the interlayer film 15 to reach the upper electrode 10, 
and the connection hole is filled with a tungsten film to 
form the contact plug 1 3. Then, a connection hole is pro- 
vided so as to run through the second insulative film 12 
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and the first insulative film 5 to reach the high concen- 
tration impurity diffusion region 2 of the MOS transistor 
Tr and the connection hole is filled with a tungsten film 
to form the contact plug 16. 

[0137] Then, the Al line 14' is formed so as to be con- 5 
nected to the contact plug 16, thus obtaining the mem- 
ory cell 500 of the present embodiment. 
[0138] A method for manufacturing the memory cell 
500 of the present embodiment has been described 
above. The memory cell 400 of the present embodiment 10 
can be manufactured by modifying the step of FIG. 14A 
so that the conductive hydrogen barrier material for 
forming the conductive hydrogen barrier film 18 is not 
deposited in the step. 

[0139] While a manufacturing method in which the is 
lower electrode 7 defines the capacitance is employed, 
another manufacturing method in which the upper elec- 
trode 10 defines the capacitance may alternatively be 
employed. 

[01 40] While the lower electrode 7 is connected to the 20 
high concentration impurity diffusion region 2 of the 
MOS transistor Tr via a line in Embodiments 1 to 4 
above, the present invention can also be applied to a 
structure where the lower electrode 7 is provided in the 
form of a large cell plate and the upper electrode 10 is 25 
connected to the high concentration impurity diffusion 
region 2 of the MOS transistor Tr via a line. 
[0141] The capacitance insulating film 9 is made of a 
ferroelectric material in Embodiments 1 to 4 above. Al- 
ternatively, the capacitance insulating film 9 may be 30 
made of a high-dielectric-constant material, in which 
case an effect of suppressing/preventing deterioration 
of the characteristics of the high-dielectric-constant ma- 
terial is similarly provided. Specifically, the material of 
the capacitance insulating film 9 may be a single layer 35 
film such as a strontium titanate film, a barium-added 
strontium titanate film, an SrBi 2 Ta 2 0 9 film, a film of an 
oxide containing lead, zirconium and titanium (PZT), or 
a film of an oxide containing lead, lanthanum , zirconium 
and titanium (PLZT) : a layered film of a tantalum oxide 40 
film and a silicon oxide film, or the like. 
[0142] In Embodiments 1 to 4 above, the gate elec- 
trode 1 may be a layered film obtained by depositing a 
polysilicon film containing substantially no impurities, 
implanting impurity ion, and then depositing a tungsten 45 
film, a molybdenum film, a titanium film, a platinum film, 
a tungsten silicide film, a molybdenum silicide film, a ti- 
tanium silicide film, a platinum silicide film, or the like. 
Alternatively, the gate electrode 1 may be obtained, 
without performing the impurity ion implantation, by de- 50 
positing a single-layer film such as a tungsten film, a 
molybdenum film, a titanium film, a platinum film, a tung- 
sten silicide film, a molybdenum silicide film, a titanium 
silicide film, a platinum silicide film, or the like. 
[0143] In Embodiments 1 to 4 above, the contact 55 
plugs 6 and 13 are formed from a tungsten film. Alter- 
natively, the contact plugs 6 and 1 3 may be formed from 
a layered film of a tungsten film, a TIN film and a Ti film. 



[0144] In Embodiments 1 to 4 above, the lower elec- 
trode 7 and the upper electrode 1 0 are each provided 
in the form of a layered film including a Pt film, an Ir film 
and a TiN film in this order, with the Pt film being in con- 
tact with the capacitance insulating film 9. Alternatively, 
the Ir film may be replaced by an Ir0 2 film, and the TiN 
film may be replaced by a Ti film. 
[0145] The material of each of the first hydrogen bar- 
rier film 8 and the second hydrogen barrier film 11 may 
be any material having a hydrogen barrier property (e. 
g., Al 2 0 3 , TiN, TiAIN, TiSiN, TaN, TaAIN, orTaSiN). 
[0146] According to the present invention, it is possi- 
ble to obtain a ferroelectric memory device including a 
reliable memory cell capacitor in which deterioration of 
the characteristics of the memory cell capacitor due to 
hydrogen or a reducing atmosphere is suppressed/pre- 
vented. 



Claims 

1. A semiconductor memory device, comprising: 

a semiconductor substrate; 
a memory cell capacitor for storing data, includ- 
ing a first electrode provided above the semi- 
conductor substrate, a capacitance insulating 
film formed on the first electrode, and a second 
electrode provided on the capacitance insulat- 
ing film; 

a step reducing film covering an upper surface 
and a side surface of the memory cell capacitor; 
and 

an overlying hydrogen barrier film covering the 
step reducing film. 

2. The semiconductor memory device of claim 1 , 
wherein the step reducing film is formed by an at- 
mospheric pressure thermal CVD method using 0 3 
and TEOS. 

3. The semiconductor memory device of claim 1 , 
wherein the overlying hydrogen barrier film is 
formed by a sputtering method. 

4. The semiconductor memory device of claim 1, fur- 
ther comprising an underlying hydrogen barrier film 
provided under the first electrode. 

5. The semiconductor memory device of claim 4, 
wherein the underlying hydrogen barrier film is in 
contact with the overlying hydrogen barrier film in a 
peripheral region around the memory cell capacitor. 

6. The semiconductor memory device of claim 5, 
wherein the overlying hydrogen barrier film and the 
underlying hydrogen barrier film are patterned so 
as to have substantially the same outer shape. 
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7. The semiconductor memory device of claim 5, 
wherein the overlying hydrogen barrier film includes 
a barrier film covering an upper surface of the step 
reducing film and a side wall covering a side surface 
of the step reducing film. 

8. The semiconductors memory device of claim 4, 
wherein the first electrode is buried in the underlying 
hydrogen barrier film. 

9. The semiconductor memory device of claim 8, 
wherein the first electrode includes a conductive hy- 
drogen barrier film in a lower portion thereof. 

1 0. A method for manufacturing a semiconductor mem- 
ory device, comprising the steps of: 

(a) forming a memory cell capacitor above a 
semiconductor substrate, the memory cell ca- 
pacitor including a first electrode, a capaci- 
tance insulating film formed on the first elec- 
trode, and a second electrode provided on the 
capacitance insulating film; 

(b) after the step (a), forming a step reducing 
film on the substrate so as to cover the memory 
cell capacitor; and 

(c) forming an overlying hydrogen barrier film 
on the substrate so as to cover the step reduc- 
ing film. 

11. The method for manufacturing a semiconductor 
' memory device of claim 10, further comprising the 

step of: 

(d) before the step (a), forming an underlying 
hydrogen barrier film above the semiconductor 
substrate, 

wherein in the step (a), the first electrode 
is formed on the underlying hydrogen barrier 
film. 

12. The method for manufacturing a semiconductor 
memory device of claim 11 , further comprising the 
step of: 

(e) after the step (b), removing the step reduc- 
ing film in a peripheral region around the mem- 
ory cell capacitor, 

wherein in the step (c), the overlying hy- 
drogen barrier film is formed so as to be in con- 
tact with the underlying hydrogen barrier film in 
the peripheral region around the memory cell 
capacitor. 

13. The method for manufacturing a semiconductor 
memory device of claim 12, wherein a wet etching 
method is employed in the step (e). 



14. The method for manufacturing a semiconductor 
memory device of claim 12, further comprising the 
step of: 

5 (f) afterthe step (e), patterningthe overlying hy- 

drogen barrierfilm and the underlying hydrogen 
barrier film in the peripheral region around the 
memory cell capacitor by using the same mask. 

10 15. The method for manufacturing a semiconductor 
memory device of claim 11 , further comprising the 
steps of: 

(g) after the step (c), removing the step reduc- 
15 jng film and the overlying hydrogen barrier film 

in the peripheral region around the memory cell 
capacitor so as to expose the underlying hydro- 
gen barrier film; 

(h) forming a second overlying hydrogen barrier 
20 fjim on the substrate; and 

(i) etching back the second overlying hydrogen 
barrier film so as to form a side wall covering a 
side surface of the overlying hydrogen barrier 
film and a side surface of the step reducing film . 

25 

16. The method for manufacturing a semiconductor 
memory device of claim 10, wherein in the. step (b), 
the step reducing film is formed by an atmospheric 
pressure thermal CVD method using 0 3 and TEOS. 

30 

17. The method for manufacturing a semiconductor 
memory device of claim 1 0, wherein in the step (c), 
the overlying hydrogen barrier film is formed by a 
sputtering method. 

35 

1 8. A method for manufacturing a semiconductor mem- 
ory device, comprising the steps of: 

(a) forming a first electrode on a semiconductor 
40 substrate; 

(b) afterthe step (a), forming an underlying hy- 
drogen barrier film on the substrate; 

(c) removing the underlying hydrogen barrier 
film until a surface of the first electrode is ex- 

45 posed so as to have the first electrode buried 

in the underlying hydrogen barrierfilm; 

(d) forming a capacitance insulating film on the 
first electrode; 

(e) forming a second electrode film on the ca- 
so pacitance insulating film; 

(f) patterning the capacitance insulating film 
and the second electrode film so as to form a 
memory cell capacitor; 

(g) after the step (f), forming a step reducing 
55 film on the substrate so as to cover the memory 

cell capacitor; and 

(h) forming an overlying hydrogen barrier film 
on the substrate so as to cover the step reduc- 
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ing film. 

19. The method for manufacturing a semiconductor 
memory device of claim 18, further comprising the 
step of: 5 

(i) after the step (g), removing the step reducing 
film in a peripheral region around the memory 
cell capacitor, 

10 

wherein in the step (h), the overlying hydro- 
gen barrier film is formed so as to be in contact with 
the underlying hydrogen barrier film in the periph- 
eral region around the memory cell capacitor. 

15 

20. The method for manufacturing a semiconductor 
memory device of claim 18, wherein in the step (g), 
the step reducing film is formed by an atmospheric 
pressure thermal CVD method using O a andTEOS. 

20 

21. The method for manufacturing a semiconductor 
memory device of claim 1 8, wherein in the step (h), 
the overlying hydrogen barrier film is formed by a 
sputtering method. 
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